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Abstract—Near-field probing is often used to determine the
sources and coupling paths of an electromagnetic interference
problem above a printed circuit board or integrated circuits
chip. A wideband universal field analyzer was developed in order
to measure circularly and linearly polarized magnetic fields and
total electric field in a rapid sequence using a single probe design.

I. I NTRODUCTION
A loop, which is connected to two coaxial cables, allows us
to measure the electric and magnetic fields as given by the
difference and sum of induced loop voltages respectively [1].
Two measurements are required to be taken at the exact
position in order to obtain the orthogonal components of the
magnetic field and total axial electric field. It is often of
interest to measure both of these field components without
moving or changing the probe.
A wideband (10 MHz to 3.8 GHz) universal field analyzer
was developed and interfaced with two orthogonal loops for
measuring the coupled signals from the device under test
(DUT). These signals are added with adjustable phases for
obtaining the electric and magnetic fields without having to
change the probes. However, creating the phase difference is
difficult over a broad frequency range. A mixing concept is
thus suggested where the local oscillator of the mixer is
shifted in phase and then mixed with the signals. The
advantage is that phase-shifting only needs to be done at a
single frequency.

Fig. 1. Electric field coupling between trace and loop.

B. Magnetic Near-Field Probing using a Loop
The current flowing in the trace generates magnetic field
lines for which some of them wrap around the top side of the
loop, inducing a current flow in the loop (refer to Fig. 2). This
voltage appears across both terminations with opposite phase.
The voltage measured by the spectrum analyzer is
proportional to the current in the loops and is related to the
ability of the trace to couple magnetic fields to the loop. This
coupling can be represented by a mutual inductance M 12
between the trace and the loop.

II. PROBE COUPLING MECHANISMS
A. Electric Near-Field Probing using a Loop
A voltage potential difference between the trace and the
loop produces electric flux lines. These flux lines create a
current in the loop that flows through the matched spectrum
analyzer input ports at each end of the coaxial cables (refer to
Fig. 1). The measured voltage at the spectrum analyzer is
proportional to the voltage in the trace and the ability of this
trace to couple electric fields to the probe. We could also
represent the electric field coupling between the trace and the
loop as a mutual capacitance. The sum of these voltages is
proportional to the electric field coupling.

Fig. 2. Magnetic field coupling between trace and loop.
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C. Circular Near-field Probing using Orthogonal Loops
For the spherical coordinates shown in Fig. 3, we are able
to express the H-field components with the following
equations:
Hx

A cos(I )sin(T )

Hy

Asin(I ) sin(T )

(1)
(2 )

Hz

A cos(T )

(3)

Fig. 3 Spherical coordinates

The amplitude of the H-field and the sensitivity of the loop
had been accounted for in the factor A. If Hx and Hy are 90q
out-of-phase and then added, the resulting signal can be
expressed using complex numbers as:
H total

H x  jH y

A sin(T ) e j I

IV.W IDEBAND AND W IDE-RANGE P HASE-SHIFTER DESIGN
Commercial wideband and wide-range phase-shifters are
not available to meet the requirements of this project: (1) 100
to 3800 MHz operating frequency and (2) 0 to 270q phaseshifting range.
D. Designing a Wideband Phase-shifter
A mixing concept was employed to realize this wideband
shifter. Fig. 5 shows an example with local oscillator and
input frequencies of fi and fLO. The LO is phase-shifted by I
degrees using a narrow-band shifter. It can be seen from the
output expression of the mixer that the input component is
being shifted by I with the exception that the signals are
mixed to a higher frequency range as determined by fLO . This
mixing concept enables a wideband phase-shifting through the
use of a narrow-band shifter.
4 to 7.8 GHZ
Mixer

10 MHZ to 3.8 GHZ

(4)

The amplitude of Htotal is now no longer a function of I. Hx
and Hy can be measured with a single probe system with
orthogonal loops as shown in Fig. 4 . A circular H-field current
distribution pattern can then be obtained by adding Hx and a
90q phase-shifted Hy together [2].
III. MEASUREMENT C ONCEPT
Fig. 4 shows the measurement concept for the orthogonal
probe design. Combination of signals can be obtained by
changing the phase differences and RF switch positions. The
sum of the two in-phase voltages from the coaxial terminals of
a single loop is proportional to the electric-field coupling. The
addition of two out-of-phase signals from the coaxial
terminals of a single loop produces a voltage which is
proportional to the magnetic-field coupling. By adding Hx and
Hy with a 90q phase difference, the probe detects the magnetic
field in all directions with a circular H-field current
distribution pattern.

4 GHZ

Fig. 5. Wideband phase-shifter design.

E. Designing a Narrowband Wide-Range Phase-Shifter
The narrowband shifter should (1) provide 0q to 270q
phase-shifting and (2) be voltage controllable. Fig. 6 depicts
the schematic diagram of the 90q hybrid phase-shifter [3]. The
input signal (Pin) is divided and directed to two branches
(with a 90° phase-shift) that are terminated with varactors D1
and D2. These varactors would change the phase of each
signal equally. The reflected signals are then re-combined and
are in-phase at the output port (Pout). The reflected signals at
the input port are 180° out-of-phase and cancel each other out.
For an ideal varactor that changes its capacitance from 0 pF to
infinity, a total phase-shift from 0° to -180° will occur. In
practice, 100° phase-shift was achieved for a single hybrid. A
total of three hybrids are thus employed to provide the
required 270° phase-shifting. The phase differences with
various control voltages are shown in Fig. 7. The achievable
phase difference is approximately 300q at the LO frequency of
4.0 GHz.
DC Control
Voltage In

Pin
1

/4

1
D1

/4

/4

Pout
1

/4

1
D2

Fig. 4. Measurement concept.

Fig. 6. 90q hybrid phase-shifter.
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VII.

Maximum
Maximum Phase
Phase Difference
Difference
of
of 300q
300qfor
for 4.0
4.0 GHz
GHz

ACCURATE S IGNALS S UMMATION AND SUBTRACTION

Precise signal summation and subtraction are critical for
ensuring good ‘other’ field rejection. This can be obtained by
ensuring channel symmetry, and providing channel magnitude
and phase calibrations. The output magnitude levels of
Channel 1 for various frequencies are used as the reference.
The magnitude levels of Channel 2 to 4 are adjusted through
the variable attenuators on each of the front-end channels. For
phase calibration, a single frequency (2 GHz) was used with
the phase of Channel 1 with a 0 V control voltage as the 0q
phase reference.

Fig. 7 . Phase responses with different control voltages.

V. OVERALL B LOCK D IAGRAM
The overall system as shown in Fig. 8 consists of five
stages. The front-end stage serves to amplify the weak field
signals that are coupled onto the probes. The phase-shifter
stage is used to phase-shift the 4 GHz LO signals which are
then amplified by the LO amplifier stage. These phase-shifted
LO signals are mixed with the field signals from the front-end
stage. Since the LO frequency is 4.0 GHz, the output
frequency of the mixers would be from 4.010 to 7.800 GHz.
The phase of each field signal is changed according to the
phase-shifted LO signals as explain in Section IV.

VIII.
TEST S ETUP
In order to determine the system performance, the system
was configured and tested as per its intended function as
shown in Fig. 10. The DUT is a printed circuit board with a
single trace and is mounted on a precision rotating platform.
One port of this trace is connected to the signal generator,
which supplies an excitation signal of 0 dBm. The other end
of the trace would be matched. An orthogonal probe is
connected to the system in order to detect the E and H-fields
coupling from the trace. The outputs from the probes are
connected to the front-end stage of the universal field anlyzer.
The spectrum analyzer is connected to the system output for
measuring the field information as selected through the GUI
(Fig. 11).

Fig. 8. System block diagram .

The detailed resistive combiners & RF switch stage is
shown in Fig. 9. By combining a pair of input channels for
each probe that were shifted by 180q, Hx /Hy-fields information
can be obtained. Alternatively, by additing the two probe
signals with 0q and 90q phase differences would give Ez-field
and HCircular-field information.
NI USB-6008

CH1 Input

Fig. 10. System performance test setup.
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Fig. 9. Block diagram of resistive combiners & RF switch stage .
Fig. 11. GUI (Matlab Program).

VI.
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Measurements were conducted for three different
frequencies (1000, 2200 & 2900 MHz). The DUT was rotated
from 0q to 360q with a step size of 10q. For each rotation step,
the Hx, Hy, HCircular and Ez field information was recorded. It
should also be noted that 0q is taken when the trace is aligned
in parallel with the Hx probe that is connected to channel 1
and 2 (coordinate system as depicted in Fig. 10).

-20

Ma gnitud e [dBm]

-30

IX.MEASUREMENT R ESULTS
The results are shown from Fig. 12 to Fig. 14. At the
reference angle of 0q, Hx field coupling is expected to be
maximal, while Hy field coupling should be minimal. This
relationship between Hx and Hy would be alternated for every
90q angular intervals. The electric-field would alternately be
expected to be constant since the voltage potential would be
constant at any point along the trace. HCircular is also expected
to be at a contant level as discussed in Section C. The
measured results correspond with these expectations.
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Fig. 14 . Output magnitude response vs DUT angular position at 2900 MHz.

X. CONCLUSION
A wideband universal field analyzer was designed, built
and tested. The novel phase-shifting concept that allowed both
wideband and wide-range phase-shifting is central to the
system operation. The results have verified its principle
functionality. The system is able to provide fast field scanning
over a wide frequency range along with of its capabilities to
conduct overview scanning and simultaneous orthogonal field
measurements. It allows the user to localize problematic EMI
regions quickly and removes the need to swap between
electric and magnetic probes. It also reduces the total probe
angular rotation requirement from 180q to 90q for a complete
magnetic field scanning at any given location. The universal
probe analyzer’s true potential could be realized through its
integration with the 3D robotic arm and scanning software.
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Fig. 13. Output magnitude response vs DUT angular position at 2200 MHz.
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